ABSTRACT
gases analysis, pulmonary function test (PFT), echocardiography and complete blood count (CBC), which were obtained during the hospitalization after which LTOT was prescribed, and other hospital admissions within the last year before discharge were recorded.
In the prospective section of the study, the patients were contacted by phone and invited to attend a visit in the hospital. Arterial blood gases analysis, PFT, echocardiography, and CBC were obtained from the patients who agreed to attend a visit in the hospital. Hospital admissions within one year after discharge, the yearly number of outpatient control visits due to COPD, and oxygen concentrator device usage characteristics were questioned. If the patient was dead, these data and the date of death were obtained from the patient's relatives. A total of 169 patients who were prescribed LTOT for COPD were identified. Of these patients, 66.3% (n:112) were contacted and these patients were included in the study group. Among the contacted patients, control tests could not be obtained from 75 patients who were dead and from six patients who did not attend the control visit ( Figure 1) . Arterial blood gases analysis, PFT, echocardiography, and CBC were obtained from the remaining 31 patients. By comparing the test results obtained before the prescription of an oxygen concentrator with the control test results, whether and to what extent the patient benefited from LTOT and the oxygen concentrator device usage characteristics were determined.
The study protocol was approved by the University Ethics Committee during the assembly dated 13.11.2012, numbered 2012/23-4.
Statistical Analysis
The data were analyzed using Statistical Packages for the Social Sciences (SPSS) 16.0 (Chicago, USA) software package. Descriptive statistics for numeric variables were expressed as mean ± standard deviation and categorical variables were expressed as number and percentage. The distribution of the groups was evaluated by the Kolmogorov-Smirnov test. The mean values of the dependent groups were compared using the Wilcoxon signed test in cases where the data were not distributed normally between the groups, and the paired samples ttest (student's t-test) was used where the data showed normal distribution. The mean values of the independent groups were compared using the Mann-Whitney U-test in cases where the data were not distributed normally, and the paired samples t-test (student's t-test) was used
INTRODUCTION
Chronic Obstructive Pulmonary Disease (COPD) is a preventable and treatable disease that is often characterized by progressive persistent airflow obstruction. The condition is associated with increased chronic inflammatory response in the lungs and airways caused by toxic gases and particles (1) . The disease ranks fourth among the other causes of death in the world, and it is expected to rank in the third place in 2020 in connection with increased smoking rates. Parallel to other countries, COPD appears to be an important health concern also in Turkey (2) . An oxygen concentrator is the most commonly used oxygen supply system. Patients with COPD constitute the largest group among patients receiving long-term oxygen therapy (LTOT), and the data on the effectiveness of LTOT has mostly been derived from studies conducted on this patient group. It is estimated that 1,500-2,000 concentrators are prescribed each year in Turkey, and 10,000-15,000 patients receive LTOT (3).
The effect of oxygen therapy on survival is considered to be related to improvement in pulmonary hemodynamic parameters. Patients with polycythemia, pulmonary hypertension, or hypercapnia benefit most from oxygen therapy (4) . In patients with COPD, LTOT corrects polycythemia secondary to hypoxemia, reduces pulmonary hypertension, improves right heart failure, and strengthens cardiac functions. This therapy also increases exercise capacity, improves the quality of life, and prolongs survival (5).
Our aim in the present study was to evaluate clinical and mortality data of patients with COPD receiving LTOT, and to further evaluate adherence to treatment and the effectiveness of LTOT in patients with COPD.
MATERIALS AND METHODS
The patients with COPD, who were followed in the pulmonology clinic between July 2008 and June 2012, and who were discharged with the prescribed oxygen concentrator for LTOT, were included in the study. The patients who were prescribed an oxygen concentrator were identified by the review of archived committee reports of the department of pulmonology. The study consisted of two parts: retrospective and prospective. Data including socio-demographic features, clinical characteristics, and laboratory results of the patients were retrieved from the electronic hospital charts. The results of the arterial blood
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where the data showed normal distribution. Categorical variables were compared using the chi square and Fisher's exact test, where appropriate. Survival analysis was performed using the Kaplan-Meier method. The results were assessed within a 95% confidence interval and p values <0.05 were considered significant.
RESULTS
The mean age of the study participants (n:112) was 70.52±9.75 (43-87) years, and 57.1% were male. The patients' history was not remarkable for smoking in 27.7% of the patients (Table 1) . Ten patients (8.9%) reported that they did not regularly use the oxygen concentrator. The most common reason for irregular use of the device was the lack of need (4.5%) ( Table 2 ). It was found that 41.4% of the patients (n:46) performed maintenance to the oxygen concentrator device at least once. Patients performing maintenance to their devices performed an average The study participants used an average of 13.88±4.35 (2-24) hours LTOT per day. The mean duration of oxygen use was significantly shorter among patients who attended control visits (p<0.01). The mean duration of oxygen use was significantly higher in patients who did not survive compared to survivors (p<0.001) ( Table 3 ).
In the study group, the mean number of hospital admissions was 1.14±1.64 one year before the initiation of LTOT and became 0.56±0.79 one year after the initiation of LTOT (p<0.001). The mean duration of follow-up was 17.85±14.53 (1-55) months among patients receiving LTOT (n:112) and 30.77±11.13 (12-55) months among patients who were invited to and attended their control visit at the hospital (n:31). The one-year mortality rate was 43.7% in patients receiving LTOT, and the mortality rate within the follow-up period was 67% (Table 4 ). The mortality rate was 79.2% (n:61) among patients (n:77) who effectively used oxygen therapy (daily mean 15 hours and above) and 40% (n:14) among patients (n:35) who did not effectively use oxygen therapy (p<0.001). Figure  2 shows the survival analysis of patients who effectively used oxygen therapy versus those who did not use. There was no difference between patients who effectively used or did not use oxygen therapy in terms of the number of hospitalizations in one year (0.51+0.82 versus 0.69+0.72, p=0.269).
There was no significant relationship between smoking, gender, number of hospitalizations due to COPD within the last year before the initiation of LTOT, pulmonary artery pressure at times the oxygen concentrator was prescribed, hemoglobin, hematocrit, blood gases, respiratory function tests, admissions to intensive care unit, and mortality (Table 5 ). Accompanying diseases did not have influence on the mortality (Table 6 ). When the clinical and laboratory data before and after the use of the oxygen concentrator among patients who were invited to and attended control visit at the hospital (n:31) were evaluated, hematocrit, PaO 2 , SaO 2 , and maximal mid-expiratory flow (MMEF) values showed significant increase, and pH, PaCO 2 and HCO 3 values showed a significant decrease after the initiation of LTOT (Table 7) .
DISCUSSION
The first study on LTOT was conducted by Levin et al. in 1967 (6) . This small-scaled and uncontrolled study reported improvement in the clinical condition and exercise tolerance and the reduction in pulmonary vascular resistance in patients with hypoxemic chronic airway obstruction. Skwarski et al. (7) reported that LTOT had a significant positive impact on survival in 179 patients with COPD and receiving LTOT. The Nocturnal Oxygen Therapy Trial (NOTT) and the British Medical Research Council Domiciliary (BMRCD) studies observed decreased morbidity and mortality with the use of LTOT >15 hours/ day, survival increased parallel to the duration of LTOT, and 15 hours/day was determined as the cutoff for the optimal effective therapy duration (8, 9). The European Respiratory Society (ERS) indicates that the cessation of smoking is one of the criteria for the initiation of LTOT (10) . Smoking during LTOT may result in life-threatening accidents (11) . In the present study, three patients continued smoking while on LTOT. Ten patients (8.9%) were active smokers the time the oxygen concentrators were prescribed, and the researchers observed that the smoking cessation condition of ERS for LTOT was not satisfied.
LTOT is a discomforting therapy restricting daily activities, and the adherence to therapy is often low. Adherence to therapy ranged between 17% and 70% depending on the features, size of the study groups, and patient follow-up (12) (13) (14) (15) Oxygen concentrators require periodic maintenance performed by the technical service. Ideally, oxygen concentrators should undergo monthly maintenance for the control of flow rate and oxygen concentration. There patients are recorded in the national registration system in countries such as the United States, Switzerland, and France (19) . A national registration system is not available to record patients on LTOT in Turkey, and furthermore, technical services for the maintenance of oxygen concentrations are not sufficiently provided. Atış et al. (3) reported that 11% of the devices did not operate properly, and technical services were regularly provided in 75% of the patients; however, in the present study, the rate of maintenance by the company was 41%. While oxygen concentrators require maintenance ideally once in a month, maintained devices in the present study underwent maintenance 1.22±0.42 times a year on average. The low rate of maintenance in the present study and even the insufficient frequency of maintenance among the maintained devices indicate the need to establish a monitoring system for oxygen concentrators and other similar devices in Turkey. Block et al. (20) found that regular control visits increased adherence to treatment by 3.8 fold. In contrast, daily duration of LTOT use was longer in patients who did not attend control visits compared to patients who did (Table 3) . Although there are no clear findings that would explain this unexpected result, this may suggest that patients who did not participate in the control visit had severe COPD and therefore had a higher need for an oxygen concentrator, and may have had difficulty with transportation to the hospital.
In the NOTT study, hematocrit levels showed a decrease in patients receiving continuous oxygen therapy compared to those receiving oxygen at night at the end of six months, and the decrease in hematocrit levels at 12 and 18 months reached statistical significance (8). However, there are studies that did not report a significant decrease in hematocrit levels (21, 22) . In the present study, no significant change was observed in the hemoglobin levels of patients on LTOT, although we found an increase in hematocrit levels in contrast to the studies in the literature. The mean duration of follow-up for patients who attended the control visit and underwent control blood test was 30.77±11.13 months. This finding suggests that LTOT may cause a decrease in hematocrit levels in the short term and an increase in hematocrit levels together with disease progression in the long term. The studies conducted in Turkey revealed that the rate of hospitalizations declined with LTOT (23) (24) (25) . In the present study, the mean number of hospitalizations was 1.14±1.64 before LTOT and declined to 0.56±0.79 after LTOT (p=0.001). Although these findings suggest that LTOT may decrease the number of hospitalizations, the lack of control groups comprising patients in whom LTOT was indicated and who never used LTOT reduces the reliability of the current data.
There was no significant difference between FEV1 percentage before LTOT and control FEV1 percentage; however, MMEF percentage values showed a significant increase. Tutluoğlu et al. (24) reported lower yearly loss in FEV1 percentage in patients receiving LTOT compared to those who were not on LTOT. Our data are not comparable with the findings of this study due to methodological differences and the use of a different control group in the present study. Some studies have found a significant relationship between survival and FEV 1 in patients receiving LTOT (26) (27) . In the present study, there was no significant difference between FEV 1 values of patients who survived compared to non-survivors (p= 0.323). We consider that this finding may be related to the high mortality rate (67%) during the follow-up period.
Taskar et al. (22) employed oxygen therapy for at least 18 hours a day over three weeks in patients with COPD and reported a significant increase in PaO 2 and a significant decrease in PaCO 2 . In line with other studies, we found a significant decrease in PCO 2 and a significant increase in PaO2 with the use of LTOT. In the present study, we were unable to explain the significant decrease in pH levels measured in blood gas analysis after LTOT compared to blood gas analysis obtained before the prescription of the oxygen concentrator. There are also studies that failed to demonstrate the effectiveness of LTOT on hypoxemia. Veale (28) and Gorecka (29) could not demonstrate the benefit of oxygen therapy in patients with moderate hypoxemia. Kurtar et al. (18) found greater survival rates in patients receiving LTOT <15 hours per day in comparison to patients receiving ≥15 hours/day. Similarly in the present study, 79.2% of the patients (≥ 15 hours/day) who effectively used oxygen therapy died, and only 12.5% of the patients who did not effectively (<15 hours/day) use oxygen therapy were non-survivors (p< 0.001). In addition, the mean duration of daily oxygen use was higher among non-survivors (14.96±3.23 hours/day) compared to survivors (11.70± 5.44) (p= 0.001). This unexpected effect and longer daily duration of LTOT among non-survivors suggests that these patients had severe COPD and a higher need for LTOT.
In conclusion, the patients need to be carefully evaluated for their eligibility for LTOT due to low rates of effective use and high costs, patients requiring LTOT should be scrutinized for their compliance, and the decision to initiate LTOT should be re-assessed in cases with possible incompliance. Patients' adherence to medical therapy should be evaluated, and patients should be encouraged to attend regular visits and quit smoking. The coordination of health care facilities, social security institutions and device providers would be appropriate due to high cost of the devices. All cases found eligible for LTOT should be monitored over a national registration system, and the status of technical services should be followed. All candidates for LTOT should be thoroughly informed of the therapy. The patients should attend regular controls, and the devices must undergo regular maintenance.
